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Abstract 
 
The vertical distributions of aerosols simulated by global aerosol models are evaluated using aerosol 
profiles measured by two lidars.  Aerosol extinction profiles and aerosol optical thickness (AOT) 
simulated by aerosol models participating in the Aerosol module inter-Comparison in global models 
(AEROCOM) project are compared with Department of Energy Atmospheric Radiation Measurement 
(ARM) Climate Research Facility (CRF) Raman lidar (CARL) measurements acquired during 2000 and 
2001.  Average aerosol extinction profiles from the AEROCOM models typically show good agreement 
with the Raman lidar profiles above about 2 km; below 2 km the average model profiles are significantly 
(30-50%) lower than the Raman lidar profiles.  The vertical variability in the average model aerosol 
extinction profiles is less than the variability in the corresponding Raman lidar profiles.    
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Introduction 
 
Global models have been increasingly used to assess climate change scenarios.  Since some of the 
largest uncertainties in model simulations of climate change are associated with aerosols, evaluating 
how these models portray aerosol characteristics is vital for determining uncertainties in climate change 
simulations.  Such evaluations are being conducted as part of the Aerosol module inter-Comparison in 
global models (AEROCOM) project (Kinne et al. 2005), which seeks to diagnose aerosol modules of 
global models and subsequently identify and eliminate weak components in aerosol modules used for 
global modeling.  (A list of the AEROCOM models is provided at 
http://nansen.ipsl.jussieu.fr/AEROCOM/data.html.) AEROCOM intercomparisons have shown large 
differences in how models represent the vertical distribution of aerosols (Textor et al. 2005).  
Consequently, lidar profiles of aerosol extinction provide an important means of evaluating and 
hopefully improving aerosol models.   
 
Raman Lidar 
 
Through its design as a turnkey, automated system for unattended, around-the-clock profiling of water 
vapor and aerosols, the U.S. Department of Energy Atmospheric Radiation Measurement (ARM) Raman 
lidar has provided a climatological database of aerosol and water vapor profiles (Turner et al. 2001).  
CARL autonomously measures profiles of aerosols, clouds, and water vapor in the low to mid 
troposphere throughout the diurnal cycle over the ARM Climate Research Facility (ACRF) Southern 
Great Plains (SGP) site (36.62 N, 97.5 W, 317 m) (Goldsmith et al. 1998).  Profiles of water vapor 
mixing ratio, relative humidity, aerosol backscattering, and aerosol extinction (355 nm) are derived 
using a set of automated algorithms (Turner et al. 2002).  Water vapor mixing ratio profiles are 
computed using the ratio of the Raman water vapor signal to the Raman nitrogen signal.  Relative 
humidity profiles are computed using these profiles and the temperature profiles from a collocated 
atmospheric emitted radiance interferometer.  Profiles of aerosol scattering ratio are derived using the 
Raman nitrogen signal and the signal detected at the laser wavelength.  Aerosol volume backscattering 
cross section profiles are then computed using the aerosol scattering ratio and molecular scattering cross 
section profiles derived from atmospheric density data.  Aerosol extinction profiles are computed from 
the derivative of the logarithm of the Raman nitrogen signal with respect to range.  Aerosol optical 
thickness (AOT) is derived by integration of the aerosol extinction profile with altitude.  
 
Raman Lidar/AEROCOM Comparisons 
 
Figure 1 shows the average annual AOT (355 nm) over the ACRF SGP site from the various 
AEROCOM models, as well as annual averages derived from CARL and the AERONET Cimel sun 
photometer located at the SGP site.  Averages were computed from the monthly averages and error bars 
represent standard deviations.  Note how the average annual AOT from the various models and the 
CARL and sun photometer measurements  
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Figure 1.  Average annual AOT over the ACRF SGP site during 2000. 

 
 

 
 

Figure 2.  Average aerosol extinction profiles over the ACRF SGP site during 2000. 
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agree within the standard deviations of the averages.  Figure 2 shows the average vertical distribution of 
aerosol extinction (355 nm) for 2000 simulated by several AEROCOM models and measured by CARL.  
These distributions were comprised of monthly averages.  Note the wide range in how the models 
represent the aerosol extinction profiles over the ACRF SGP site.  Deviations between mean aerosol 
extinction profiles are generally small (~20-30%) for altitudes above 2 km, and grow considerably larger 
below 2 km.  The generally low bias of the model aerosol extinction profiles with respect to the lidar 
measurements within the lowest 2 km is similar to an earlier study that compared Raman lidar 
measurements from European Aerosol Research Lidar Network (EARLINET) Raman lidar 
measurements (Bosenberg et al. 2002) and simulations from the Interaction with Chemistry and 
Aerosols model (Guibert et al. 2005).  The larger differences near the surface may be due to too little 
vertical mixing or not enough humidification of the aerosol simulated by the models.  CARL 
measurements often show high aerosol extinction and relative humidity values located within thin layers 
near the surface.  Average annual relative humidity profiles were also examined.  Relative humidity 
Differences between CARL measurements and model simulations were generally small (<10%) except 
near the surface, where CARL profiles, especially at night, show significantly higher amounts than the 
models.  
 
Comparisons for 2001 are very similar to those shown in Figures 1 and 2 for 2000.  A subset of models 
also participated in comparison experiment that used identical prescribed emissions and meteorological 
fields.  The model annual average profiles from this experiment also exhibited large model-to-model 
differences and were also systematically lower than the average CARL profile within the lowest 2 km.  
 
In contrast to the periodic EARLINET Raman lidar measurements, which were derived from lidar data 
collected only near sunset on two days per week, the results presented here use CARL profiles collected 
essentially continuously, 24 hours per day and 7 days per week.  The impact of periodic (i.e., 
EARLINET) vs. continuous (i.e., ARM) sampling on the lidar/model comparisons was also examined 
using a subset of CARL data collected during the EARLINET sampling times.  As an example, Figure 1 
shows two average AOT values for CARL; the first corresponds to all CARL data, and the second 
corresponds to the subset of data acquired only during the EARLINET sampling times.  The difference 
between these two AOT average values is small.  In contrast, bias and root mean square differences 
between the model and CARL aerosol extinction profiles were significantly larger, and correlations were 
smaller, when using the periodic sampling times than when using the continuous sampling times.  
Additional studies using CARL data also showed significant diurnal variations in the vertical 
distributions of aerosols and water vapor.  
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Summary 
 
On average, aerosol extinction profiles simulated by global aerosol models generally agree with 
corresponding profiles measured by the ground-based Department of Energy ARM Raman lidar and the 
National Aeronautics and Space Agency Langley airborne differential absorption lidar for altitudes 
above 2 km.  Below 2 km, the model profiles are systematically lower than the lidar profiles.  
Comparisons of AOT over the ACRF SGP site show good agreement among the AEROCOM models 
and between the models and measurements; in contrast, there are large differences in the vertical profiles 
of aerosol extinction among the models and between the models and lidar measurements.  The large 
variability among the AEROCOM profiles remained even when the models used similar input emissions 
and meteorological fields.   
 
Contacts 
 
R.A. Ferrare, NASA Langley Research Center, MS 401A, Hampton, VA, 23681, USA, 
r.ferrare@larc.nasa.gov  
 
D.D. Turner, University of Wisconsin-Madison, Madison, WI, 53706, USA, dturner@ssec.wisc.edu
 
M. Clayton, SAIC/NASA Langley Research Center, MS 929, Hampton, VA 23681, USA,  
m.b.clayton@larc.nasa.gov, c.f.butler@larc.nasa.gov, vgb829@earthlink.net, m.a.fenn@larc.nasa.gov  
a.notari@larc.nasa.gov, s.a.kooi@larc.nasa.gov, s.p.burton@larc.nasa.gov, 
 
M. Chin, NASA Goddard Space Flight Center, Greenbelt, MD, 20771, USA, mian.chin@nasa.gov
 
S. Guibert, Laboratoire des Sciences du Climat et de l’environnement, Gif-sur-Yvette, France,  
Sarah.Guibert@cea.fr, michael.schulz@cea.fr
 
C. Chuang, Lawrence Livermore National Lab, Livermore, CA, 94550, USA, chuang1@llnl.gov 
 
M. Krol, Institute for Marine and Atmospheric Research Utrecht (IMAU) Utrecht, The Netherlands, 
maarten.krol@jrc.it 
 
S.E. Bauer, The Earth Institute at Columbia University, New York, NY, USA, sbauer@giss.nasa.gov 
 
X. Liu, University of Michigan, Ann Arbor, MI, USA, xiaohong.liu@pnl.gov 
 
G. Myhre, Ø. Seland, University of Oslo, Department of Geosciences, Oslo, Norway,  
gunnar.myhre@geo.uio.no, oyvind.seland@geofysikk.uio.no  
 

6 

mailto:r.ferrare@larc.nasa.gov
mailto:dturner@ssec.wisc.edu
mailto:m.a.fenn@larc.nasa.gov
mailto:mian.chin@nasa.gov
mailto:michael.schulz@cea.fr


Sixteenth ARM Science Team Meeting Proceedings, Albuquerque, NM, March 27 - 31, 2006 

 

D. Fillmore, NCAR, Boulder, Colorado, USA, fillmore@cgd.ucar.edu 
 
S. Ghan Liu, Battelle, Pacific Northwest National Laboratory, Richland, USA, Steve.Ghan@pnl.gov 
 
S. Gong, ARQM Meteorological Service Canada, Toronto, Canada, Sunling.Gong@ec.gc.ca 
 
P. Ginoux, NOAA, Geophysical Fluid Dynamics Laboratory, Princeton, NJ, USA, pag@gfdl.noaa.g 
 
T. Takemura, Kyushu University, Fukuoka, Japan, toshi@riam.kyushu-u.ac.jp 
 
Acknowledgments 
 
CARL data were obtained from the ARM Program, which is sponsored by the U.S. Department of 
Energy, Office of Science, Office of Biological and Environmental Research, Environmental Sciences 
Division.  We thank Mary Jane Bartholomew (Brookhaven National Laboratory) and Brent Holben 
(National Aeronautics and Space Agency Goddard Space Flight Center) for their effort in maintaining 
the AERONET site at the ACRF SGP site.  
 
Reference 
 
Bösenberg, J, et al.  2002.  “EARLINET:  A European aerosol research lidar network.”  Laser Remote 
Sensing of the Atmosphere (Edition Ecole Polytechnique, Palaiseau, France. 2001), pp. 961-976. 
 
Goldsmith JEM, FH Blair, SE Bisson, and DD Turner.  1998.  “Turn-Key Raman lidar for profiling 
atmospheric water vapor, clouds, and aerosols.”  Applied Optics 37:4979–4990. 
 
Guibert, S, V Matthias, M Schulz, J Bösenberg, R Eixmann, I Mattis, G Pappalardo, MR Perrone, 
N Spinelli, and G Vaughan.  2005.  “The vertical distribution of aerosol over Europe - Synthesis of one 
year of EARLINET aerosol lidar measurements and aerosol transport modeling with LMDzT-INCA.”  
Atmospheric Environment 39(16)2933-2943. 
 
Kinne, S, M Schulz, C Textor, S Guibert, Y Balkanski, SE Bauer, T Berntsen, TF Berglen, O Boucher, 
M Chin, W Collins, F Dentener, T. Diehl, R Easter, J Feichter, D Fillmore, S Ghan, P Ginoux, S Gong, 
A Grini, J Hendricks, M Herzog, L Horowitz, I Isaksen, T Iversen, A Kirkevag, S Kloster, D Koch, 
JE Kristjansson, M Krol, A Lauer, JF Lamarque, G Lesins, X Liu, U Lohmann, V Montanaro, G Myhre, 
JE Penner, G Pitari, S Reddy, O Seland, P Stier, T Takemura, and X Tie.  2005.  “An AeroCom initial 
assessment – optical properties in aerosol component modules of global models.”  Atmospheric 
Chemistry and Physics Discussion, 5:8285–8330. 
 

7 



Sixteenth ARM Science Team Meeting Proceedings, Albuquerque, NM, March 27 - 31, 2006 

Textor, C, M Schulz, S Guibert, S Kinne, Y Balkanski, S Bauer, T Berntsen, T Berglen, O Boucher, 
M Chin, F Dentener, T Diehl, R Easter, H Feichter, D Fillmore, S Ghan, P Ginoux, S Gong A Grini, 
J Hendricks, L Horowitz, P Huang, I Isaksen, T Iversen, S Kloster, D Koch, A Kirkevag, 
JE Kristjansson, M Krol, A Lauer, JF Lamarque, X Liu, V Montanaro, G Myhre, J Penner, G Pitari 
S Reddy, Ø Seland, P Stier, T Takemura, and X Tie.  2005.  “Analysis and quantification of the 
diversities of aerosol life cycles within AeroCom.”  Atmospheric Chemistry Physics Discussions 
5:8331–8420. 
 
Turner, DD, RA Ferrare, and LH Brasseur,  2001.  “Average aerosol extinction and water vapor profiles 
over the Southern Great Plains.”  Geophysical Research Letters 28(23)4441-4444. 
 
Turner DD, RA Ferrare, LA Heilman, WF Feltz, and T Tooman.  2002.  “Automated retrievals of water 
vapor and aerosol profiles over Oklahoma from an operational raman lidar.”  Journal of Atmospheric 
and Oceanic Technology 19:37-50. 

8 


	The Vertical Distribution of Aerosols:   Lidar Measurements versus Model Simulations 
	Abstract 
	Introduction 
	Raman Lidar 
	Raman Lidar/AEROCOM Comparisons 
	Summary 
	Contacts 
	Acknowledgments 
	Reference 


